9  ^fo 


TREATMENT,  REUSE  AND  DISPOSAL 
OF  ASH  FROM  MUNICIPAL  SOLID 
WASTE  INCINERATION  FACILITIES 


MARCH  1994 


®  Ontario 


Ministry  of 
Environment 
and  Energy 


ISBN  0-7778-2554-6 


TREATMENT,  REUSE  AND  DISPOSAL  OF  ASH  FROM  MUNICIPAL  SOLID 
WASTE  INCINERATION  FACnjnES 


MARCH  1994 


© 


Cette  publication  technique 
n'est  disponible  qu'en  anglais. 

Copyright:  Queen's  Printer  for  Ontario,  1994 

This  publication  may  be  reproduced  for  non-commercial  purposes 

with  appropriate  attribution. 


PIBS  2876 


FOREWORD 

Ontario  has  5  energy  from  waste  plants  in  operation.  Each  plant 
produces  ashes  that  need  to  be  disposed  of  or  recycled. 

In  each  case  a  heat  recovery  system  is  installed  within  the 
incineration  process  to  displace  non- renewable  fossil  fuels  used  in 
the  production  of  electrical  energy  or  in  direct  heating 
applications. 

Ten  per  cent  of  the  original  volume  of  the  garbage  remains  as  ash 
after  burning.  Unlike  ordinary  garbage,  this  ash  does  not  attract 
flies,  seagulls  or  rats  as  it  is  composed  mainly  of  inorganic 
aluminates  and  silicates.  It  is  easily  compacted  and  the  disposal 
site  can  quickly  be  returned  to  use.  Ideally  it  would  be  better  to 
reuse  this  ash  in  an  environmentally  sound  manner,  further  reducing 
the  need  for  landfills. 

This  report  includes  the  results  of  a  literature  survey  conducted 
to  improve  the  Ministry  of  the  Environment  and  Energy's  knowledge 
of  ash  treatment  for  disposal  or  reuse. 


EXECUTIVE  SUMMARY 


There  are  five  operational  EFW  plants  in  Ontario  which  in  a  12 
month  period  in  1991-92  produced  79,177  T/A  ash  (based  on  normal 
conversion  of  MSW  to  ash  of  a  loss  of  70%  by  weight) .  The  quality 
of  the  ash  produced  in  an  EFW  plant  is  dependent  upon  the 
technology  used  to  burn  the  waste  and  the  composition  of  the 
wastes.  The  majority  of  ash  is  composed  of  metals  which  are 
considered  non  toxic  such  as,  silica,  iron,  calcium,  sodium  and 
aluminum.   These  are  present  mainly  in  the  oxide  form. 

Bottom  ash  is  the  waste  remaining  on  the  incinerator  grate  after 
combustion.  Bottom  ash  includes  items  such  as  glass  bottles  and 
steel  cans  that  have  not  been  separated  in  blue  box  programs, 
ceramic  tableware,  auto  parts,  bricks,  stones,  etc. 

Fly  ash  is  the  term  given  to  the  light ■  material  that  leaves  the 
grate  with  the  combustion  gases  and  settles  in  the  boiler  and 
economizer  (boiler  ash,  economizer  ash)  of  the  heat  recovery  system 
and  in  the  conditioning  tower  and  baghouse  or  electrostatic 
precipitator  of  the  air  pollution  control  system  along  with  all 
associated  ducting.  It  contains  heavy  metals  that  may  leach  at 
levels  of  concern  and  some  form  of  treatment  is  usually  required 
before  reuse.  Various  treatments  are  available  and  can  be 
categorized  as  encapsulation;  solidification  /  stabilization;  acid 
extraction  or  leaching;  electro-winning;  vitrification  and 
glass ificat ion. 

Ultimate  disposal  and  reuse  methods  that  are  being  considered  or 
implemented  by  other  jurisdictions  are  presented  as  well  as  the 
situation  in  Ontario. 
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INTRODUCTION 

In  the  United  States,  the  lack  of  available  landfill  space  and  the 
difficulty  of  siting  new  ones  for  wastes  has  renewed  interest  in 
Municipal  Solid  Waste  (MSW,  garbage)  disposal.  It  has  been 
reported  that  there  will  be  an  8%  increase  in  incineration  during 
the  next  few  years  as  plants  now  being  built  come  on  stream  with  a 
further  increase  of  38,5%  if  the  plants  already  in  different 
planning  stages  are  built.  The  Bush  Administration's  National 
Energy  Strategy  stated  that  Energy  from  Waste  (EFW)  should  have 
grown  700%  by  the  year  2010^. 

Municipal  Solid  Waste  received  at  an  Energy  from  Waste  facility 
contains  varying  proportions  of  inert  materials  which  eventually 
become  ash  after  the  combustible  waste  has  been  burned.  The  volume 
reduction  achieved  by  this  process  concentrates  the  inert  materials 
in  comparison  to  the  original  garbage.  This  increase  in 
concentration  in  the  total  ash  is  proportional  to  the  weight 
reduction  of  the  original  waste,  (e.g.  a  75%  weight  reduction 
increases  concentration  by  a  factor  of  4)  .  Some  metals  which 
volatilise  (vapourise) ,  for  example  lead,  and  which  end  up  in  the 
fly  ash  can  increase  in  concentration  by  an  order  of  magnitude,  in 
comparison  to  the  level  of  lead  in  the  incoming  waste  stream. 
However,  overall  the  total  quantity  of  lead  in  the  system  remains 
the  same. 

The  ash  from  EFW  plants  can  be  treated  in  order  to  reuse  it  in 
environmentally  acceptable  ways.  This  reuse  could  virtually 
eliminate  the  need  for  landfills  for  ash  disposal. 

This  report  indicates  various  ways  in  which  this  can  be  achieved, 
and  the  quantity  and  quality  of  ash  that  may  be  found  in  Ontario. 


1.   ASH  QUANTITY 

There  are  five  operational  EFW  plants  in  Ontario.  One  other  plant 
has  closed  for  "potential"  maintenance  but  will  probably  not  re- 
open. The  five  operational  plants  are  listed  in  Table  1  along  with 
the  average  nuniber  of  tonnes  of  waste  burned  per  month  during  1992. 

Table  1:   EFW  Plants  in  Ontario  (1992) 


Facility 

Municipal  Solid 
Waste  Burned/Month 
(Average  Tonnes) . 

General  Motors,  Oshawa 

844 

Peel  Resource  Recovery  Inc. 

10,386 

SWARU* ,  Hamilton 

8,241 

3M  Co.  Ltd. ,  London 

457 

Victoria  Hospital,  London 

2,049 

Total  Tonnes/Month 

21,977 

*  Solid  WAste  Reduction  Unit 

Based  on  normal  conversion  of  MSW  to  ash,  of  a  loss  of  70%  by 
weight,  this  would  produce  79,177  Tonnes/Annum  (T/A)  ash  from  the 
five  plants. 

Bottom  ash  varies  in  density  from  about  750  kg/m^  uncompacted,  to 
3000  kg/m^  fully  compacted.^   In  its  compacted  form  the  ash  would 
occupy  26,392  m^/A  for  the  five  plants. 


Figure  1.  Schematic  of  a  Typical  Energy- From-Waste  Plant, 
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2.   ASH  QUALITY 

The  quality  of  the  ash  produced  in  an  EFW  plant  is  dependent  upon 
the  technology  used  to  burn  the  waste  and  the  composition  of  the 
original  wastes.  Excess  air  plants  produce  a  well  burned  out 
bottom  ash  with  low  carbon  content.  Starved  air  combustion 
produces  a  bottom  ash  with  higher  carbon  and  higher  fraction  of 
uncombusted  material. 

The  fly  ash  from  both  types  of  plant  are  similar  unless  the  excess 
air  plant  burns  in  suspension  (i.e.  not  on  the  grate).  In  this 
case  the  fly  ash  contains  a  much  larger  proportion  of  ur±)urned 
carbon.  Fly  ash  quality  also  depends  on  whether  lime  or  other  acid 
gas  neutralization  agents  (e.g.  sodium  hydroxide)  are  used  in  the 
pollution  control  system. 

Table  2  lists  various  ash  qualities  with  respect  to  heavy  metals 
(total  metal,  not  leachable  value)  .  It  should  be  noted  in  the  case 
of  the  conditioning  tower/fabric  filter  ash  (CT/FF)  from  Victoria 
Hospital  that  dilution  of  the  ash  has  taken  place  with  the  lime 
used  to  control  acid  gases. 

The  majority  of  bottom  ash  is  composed  of  metals  which  are 
considered  non  toxic  such  as;  silica  (30%) ,  iron,  (10%) ,  calcium 
(8%)  ,  sodium  (6%)  and  aluminum  (3%) ,  which  are  present  mainly  in 
oxide  form*.  Monitoring  studies  of  ash  fills  (i.e.  landfills  for 
ash  only)  containing  combined  ash  (i.e.  bottom  and  the  various  fly 
ashes)  indicate  that  the  concentration  of  heavy  metals  in  the 
leachate  are  below  drinking  water  standards^. 
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3.       TREATMENT  AND  REUSE  OF  BOTTOM  ASH 

Bottom  ash  is  the  waste  remaining  on  the  incinerator  grate  after 
combustion.  Bottom  ash  includes  items  such  as  glass  bottles  and 
steel  cans  that  have  not  been  separated  in  blue  box  programs, 
ceramic  tableware,  auto  parts,  appliances  (although  white  goods  are 
generally  removed  prior  to  incineration) ,  bricks  and  concrete 
blocks  from  demolition  waste,  sand  and  small  stones.  It  has  been 
described  as  "looking  like  a  pile  of  wet  concrete,  to  which  have 
been  added,  the  contents  of  an  auto  supply  shop"*. 

Rolite  Inc.  (Wayne,  Pa)  have  a  system  to  treat  screened  ash  by 
mixing  it  with  silica  clay  and  rolling  it  in  a  vessel  similar  to  a 
rotary  kiln  to  coat  it  with  cement.  This  produces  a  free  flowing 
product  that  can  be  used  as  lightweight  aggregate.  The  company 
warns  that  some  materials  routinely  added  to  ash  such  as  scrubber 
sludge  and  fly  ash  may  not  only  increase  leaching  of  heavy  metals 
from  the  ash  but  also  may  decrease  the  effectiveness  of  cement  and 
clay  fixation^. 

Processing  for  reuse,  as  aggregate  for  example,-  is  usually  confined 
to  screening  and  magnetic  separation.  After  coarse  screening  (2-6 
inches)  the  pass  and  reject  streams  are  both  subjected  to  magnetic 
separation  to  remove  any  remaining  iron  and  steel.  The  reject 
stream  can  also  be  hand  picked  for  so  called  red  metals  (copper, 
brass,  bronze)  and  residual  aluminum  if  quantities  indicate  the 
economic  viability  of  this.  The  SEMASS  plant  (South  East- 
MASSachusets .  Boston  area)  also  re- screens  the  pass  stream,  with  a 
screen  sized  for  small  coin  recovery.  This  was  reported  to 
generate  well  in  excess  of  $1, 000/wk*  in  revenue. 

A  Study  of  the  ash  from  5  plants  in  the  U.S.A.  concluded  that 
ferrous- free,  minus  1/2  inch  incinerator  ash  can  be  classified  as 
an  artificial  aggregate  material  and  can  with  certain  limitations 
be  used  as  a  substitute  for  natural  aggregate  in  construction 
applications'. 

The  report  went  on  to  say:  "There  are  two  basic  engineering 
applications  in  which  ash  can  be  used.  They  include  its  use  as  an 
unbound  aggregate  material  (i.e.,  fill  or  road  base)  ,  or  as  a  bound 
application  such  as  bituminous  concrete  (i.e.  road  paving)  or 
Portland  cement  concrete  (i.e.,  ready  mix,  block  or  paving  stone) 
applications.  For  almost  all  of  these  applications  ash  will  have 
to  be  blended  with  other  materials  to  achieve  characteristics  that 
will  ensure  its  compliance  with  existing  specifications.  The  exact 
mix  design  will  depend  on  the  specific  application.  For  use  as  an 
unbound  material  in  specific  applications  ash  may  be  used  alone  or 
blended  with  other  aggregate  materials  in  amounts  ranging  from  50 
to  nearly  100  percent.  For  use  in  bituminous  or  portland  cement 
concrete,  blending  rates  of  15  to  50  percent  are  suggested 
(blending  rate  refers  to  the  percentage  of  -ash,  by  weight,  in  the 
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product  to  be  used) 


From  an  engineering  perspective,  the  grate  or  bottom  ash  fraction 
is  a  more  suitable  aggregate  material  than  combined  ash.  It  has  a 
lower  fines  content;  lower  percent  absorption;  is  less  susceptible 
to  swelling;  will  not  produce  cementitious  reactions  since  it  does 
not  contain  fly  ash  and  lime;  and  has  less  water  soluble  material. 
Unreacted  and  unhydrated  lime  (i.e.,  calcium  oxide)  that  is  present 
in  fly  ash  from  waste-to-energy  facilities  with  acid  gas  treatment 
is  reactive.  Laboratory  studies  have  shown  that  dimensional 
instability  may  be  a  problem  in  portland  cement  concrete  products 
made  with  fly  ash  containing  unreacted  lime." 

Ontario  Regulation  347  (formerly  Reg  309)  now  requires  the 
separation  of  fly  ash  from  bottom  ash  to  ensure  safe  disposal  or 
treatment  of  the  potentially  hazardous  fly  ash. 

Bottom  ash  grain  size  distribution  is  shown  below. 


Figure  2:  BOTTOM  ASH  GRADATION 

(Reference  9) 
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Re-use  of  bottom  ash  as  aggregate  could  take  the  pressure  off  areas 
such  as  the  Niagara  Escarpment  which  are  sources  of  natural 
aggregate.  If  the  waste  from  the  GTA  were  to  produce  600  mVd  of 
bottom  ash,  this  would  be  sufficient  to  construct  150  m/d  of 
roadbase  one  lane  wide  (i.e.  4  metres) .  This  is  the  equivalent  to 
approximately  9  km  of  400  class,  6  lane  highway  per  year. 


During  the  mid  1970' s  the  U.S.  Federal  Highway  Administration 
experimented  with  bottom  ash  as  aggregate . in  a  6  inch  bituminous 
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base  mix,  covered  with  a  1]4  inch  layer  of  standard  bituminous 
wearing  surface.  After  4  years  service,  the  monitoring  results 
were  reported  to  be  excellent'". 

Bottom  ash  is  used  for  minor  roads  and  logging  trails  in  Germany, 
for  roads,  parking  lots  and  land  recovery  in  both  the  Netherlands 
and  Japan  and  for  roads  in  Sweden  and  Denmark. 

Experimenters  at  the  State  University  of  New  York  (SUNY)"  and  the 
Florida  Institute  of  Technology'^  are  investigating  the  use  of 
bottom  ash  combined  with  portland  cement  to  form  concrete  blocks 
for  use  as  artificial  reefs.  The  NY  study  has  demonstrated  that 
the  ash  blocks  have  been  colonized  by  salt  water  flora  and  fauna 
with  no  problems.  The  ash  blocks  have  also  proved  to  be  more 
resistant  to  the  salt  water  environment  than  standard  blocks  and 
are  still  intact.  The  standard  concrete  blocks  used  as  controls 
have  disintegrated. 

A  more  comprehensive  list  of  U.S.  experimental  projects  is  in 
Appendix  1 . 
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4.       TREATMENT  AND  REUSE  OF  FLY  ASH 

Fly  ash  is  the  term  given  to  the  light  material  that  leaves  the 
grate  with  the  combustion  gases  and  also  to  materials  that  condense 
out  of  the  gas  stream.  These  settle  in  the  boiler  and  economizer 
of  the  heat  recovery  system  and  in  the  conditioning  tower  and 
baghouse  or  electrostatic  precipitator  of  the  air  pollution  control 
system.  Fly  ash  also  settles  in  the  associated  ducting  if  gas 
velocities  are  not  high  enough  to  keep  it  entrained. 

Fly  ash  contains  elevated  levels  of  heavy  metals  that  may  leach  at 
levels  of  concern  therefore  some  form  of  treatment  is  usually 
required  before  reuse.  These  treatments  can  be  categorized  as 
solidification  /  stabilization;  encapsulation;  acid  extraction  or 
leaching;  electro-winning;  vitrification  and  glassif ication. 

Solidification/Stabilization 

It  has  been  suggested  that  fly  ash  can  be  solidified  and  stabilized 
as  pellets  using  portland  cement  for  reuse  as  a  lightweight 
synthetic  aggregate  for  concrete'^.  Problems  have  been  encountered 
in  the  past^*  with  the  durability  of  Monolithic  concrete  formed 
using  normal  portland  cement  and  flyash.  This  took  the  form  of 
spalling  and  is  likely  due  to  high  salt  content  in  the  ash. 
Special  cements  are  available  which  may  correct  the  situation.  A 
hydration  step  prior  to  the  addition  of  a  slow  setting  cement  is 
also  said  to  remedy  this  problem  as  it  slakes  any  excess  lime  from 
the  baghouse  dust  prior  to  the  cement  setting'^.  Cement  to  fly  ash 
ratio  mentioned  in  the  literature  fall  in  the  range  1:4  to  1:2  on 
a  dry  weight  basis. 

Landfill  Technologies  Inc.  (West  Sand  Lake,  NY) 

The  president  of  this  company  invented  and  developed  the  patented 
fly  ash  and  scrubber  residue  treatment  system  used  at  the  SEMASS 
plant  in  Massachusetts.  Various  waste  pozzolans'  may  be  used 
(cement  kiln  dust  at  SEMASS)  and  the  final  reagent,  mix  time, 
reagent/ash  ratio  and  effects  of  changing  the  mixture  ratios  were 
demonstrated  in  the  company's  mobile  full  scale  pilot  plant. 

The  company  claims  the  procedure  has  never  produced  a  failing 
result  at  bench  or  full  scale,  all  samples  being  pulverized  prior 
to  leaching.  Costs  are  said  to  be  significantly  less  than  with 
other  known  alternatives  (no  cost  details  available  due  to 
confidentiality  agreement) .  Long  term  stability  tests  are  underway 
and  initial  results  were  said  to  be  excellent. 

(  pozzolans,  fine  grained  materials  containing  silica  and  alumina  that 
chemically  react  in  the  presence  of  water  to  form  a  hard,  concrete  like 
structure . ) 


Table  3:  TYPICAL  SEMASS  FLY  ASH  LEACHATE  RESULTS 


Parameter 

Fly  Ash 

Ry  Ash  After  Treatment 

Ontario  Reg  347  Criteria 

Cadmium 

2.33 

0.04 

0.12 

0.17 

0.18 

0.11 

0.13 

> 0.05  Reg 

>0.5Haz 

Lead 

38.2 

0.19 

0.22 

0.45 

0.48 

0.24 

0.29 

>  0.50  Reg 

>5.0Haz 

All  values  mg/1.    (EPA  Toxicit>'  Test  Used,  Equivalent  to  Regulation  347  Leachate  Extraction  Procedure) 
(Reg  =  Rcgisterable  or  Subject  Waste.    Haz  =  Hazardous). 


The  above  analyses  would  result  in  the  waste  being  classified  as  a 
subject  waste  under  Reg  347  due  to  the  cadmium  i.e.  registerable 
but  not  hazardous.  Disposal  could  be  to  municipal  landfill.  After 
a  17  day  cure  period  the  results  were  0.1  mg/1  for  lead  and  less 
than  0.05  mg/1  (i.e.  detection  limit)  for  cadmium. 

Euthenergy  Systems  Inc.  (Memphis,  TN)  have  a  proprietary  'patent 
applied  for'  process  for  treating  combined  ash  or  a  simpler  process 
for  treating  fly  ash.  It  is  claimed  that  the  treated  ash  will  pass 
the  U.S.  EPTox  test  arid  TCLP  test  (Toxic  Characteristic  Leachate 
Procedure)  even  if  the  solidified  waste  form  is  broken  up. 
Treatment  costs  are  now  estimated  at  $14/ton  U.S.  Chemicals  used 
are  claimed  to  be  readily  available'*. 

Hazcon  Inc.  has  demonstrated  under  the  U.S.  EPA  SITE  '  PROGRAM  - 
(Superfund  Innovative  Technology  Evaluation)  a  cement  based 
solidification/stabilization  process.  The  proprietary  compound, 
chloranan,  is  believed  to  assist  pozzolans  such  as  portland  cement 
by  over- riding  the  inhibitory  effects  of  organics.  Although  not 
demonstrated  on  fly  ash,  it  was  demonstrated  on  a  heavily 
contaminated  soil  with  a  lead  content  of  22600  mg/kg.  The 
untreated  soil  produced  a  leachate  of  17.9  mg/1  lead.  After 
treatment  (7  day  cure)  a  leachate  value  of  0.070  mg/1  was  obtained. 
Although  the  capture  of  oil,  grease  and  organic  .compounds  was 
unsatisfactory  in  the  SITE  -test  ,  lead  and  other  heavy  metals  were 
treated  successfully.  As  fly  ash  has  very  little  organic  content, 
an  extra  additive  should  not  be  necessary.  This  compound  may  be  of 
benefit  however,  if  regular  pozzolanic  materials  fail  to  stabilize 
the  fly  ash'"'. 

Wheelabrator  Technologies  Inc.  have  patented  a  process  which  uses 
phosphoric  acid  addition  to  water  and  baghouse  dust  from  their 
incinerators.  Lead  is  believed  to  be  precipitated  as  virtually 
insoluble  lead  phosphate  minerals  such  as  chloropyromorphite 
Pb5(P04)3Cl  or  Plumbogummite  (Pb  Al3(P04)2  (OlDjHzO)  .  The  phosphoric 
acid  addition  does  not  have  any  significant  effect  on  the 
solubility  of  cadmium  which  appearè  to  be  mainly  carbonate 
controlled  therefore  this  process  may  only  be  of  use  where  lead  is 
the  problem. 


-  10  - 

Encapsulation 

Fly  ash  can  also  be  used  as  an  admixture  to  asphalt  which  can 
'extend'  the  asphalt  at  the  same  time  as  encapsulating  the 
individual  grains  of  fly  ash.  This  procedure  is  used  in  the 
Netherlands  with  30%  of  the  fly  ash  being  used  in  this  manner. 
This  is  expected  to  rise  to  80%  once  modification  of  more  asphalt 
plants  and  safe  handling  of  fly-  ash  have  been  taught  to  the 
operators.  This  extended  asphalt  has  been  used  for  parking  lots, 
and  roads . 

The  asphalt  can  also  be  used  for  roof  shingles,  waterproofing 
concrete  basements,  coating  steel  that  will  be  buried  or  any  other 
purpose  where  it  would  not  be  subject  to  abrasion. 

Vitrification 

Vitrification  is  a  very  high  temperature  process  in  which  material, 
in  this  case  fly  ash,  is  heated  until  it  melts  to  a  slag.  On 
cooling  it  forms  a  black  mineral  glass  similar  to  volcanic  glass  or 
black  onyx.  Temperatures  in  excess  of  13  00°C  are  required  which 
may  be  produced  by  high  temperature  burners  or  more  usually  by 
submerged  electrodes  or  plasma  arcs.  The  residue  (sometimes 
referred  to  as  "vit")  is  approximately  three  times  denser  than  the 
original  ash,  is  amorphic,  non- crystalline  and  grainless  with 
leaching  characteristics  similar  to- glass. 

At  the  present  time,  research -into  vitrification  of  ash  is  underway 
by  the  American  Society  of  Mechanical  Engineers  (ASME) .  This 
process  is  a  development  of  the  electric  smelting  furnace  design 
where  submerged  arc  electrodes  are  used  to  form  a  molten  slag. 
This  treatment  method  is  very  expensive,  with  cost  estimates 
between  $40  and  $80  per  tonne  of  fly  ash  treated. 

Energy  requirements  are  estimated  to  be  between  500  -  1000 
kwh/tonne  of  fly  ash  treated.  AT  500  kwh/tonne  this  would  require 
nearly  a  quarter  of  the  power  produced  by  an  EFW  plant.  The 
product  is  said  to  be  non-leachable  and  suitable  for  use  as 
synthetic  aggregate,  air  blasting  grit,  architectural  tile  or 
roofing  granules. 

U.S.  Environmental  Inc.  has  a  proprietary  process  using  submerged 
electrode  resistance  melting  in  a  furnace.  The  very  high 
temperatures  produced  (can  be  greater  than  2850°C)  forms  a  melt 
which  can  then  be  cast  as  large  blocks  for  use  as  shore  erosion 
protection  or  structural  building  blocks.  It  can  also  be  formed 
into  small  blocks.  These  in  turn  can  be  fractured  for  use  as  blast 
cleaning  grit,   road  bed  fill,   asphalt  aggregate  mix,   cement 
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additive  or  'grog'  '  for  refractories.  Alternatively  the  molten 
stream  can  be  used  to  form  a  high  grade  mineral  wool  insulation 
with  a  fire  rating  of  approximately  1000°C  (650°C  more  than 
fibreglass  products) .  Depending  upon  quality,  this  could  sell  at 
$180  -  250  (U.S.) /tonne  for  material  classed  as  mineral  fibre  to 
$1500  -  2000  (U.S.) /tonne  if  Classed  as  ceramic  fibre'*. 

World  Envirotech  (New  York  City,  NY)  offers  the  Kubota 
vitrification  process  in  North  America.  It  uses  a  rotating  melting 
furnace  fired  with  natural  gas.  No  results  are  available  for  fly 
ash  vitrification  from  this  process,  however  toxicity  levels  are 
expected  to  be  of  the  same  order  as  other  vitrification  processes. 

Asea  Brown  Boveri  has  developed  a  process,  termed  the  Deglor 
Process  (W  &  E  Umwelttechnik,  Switzerland).  Fly  ash  is  heated  in 
excess  of  1300°C  using  electrical  heating  rods.  Energy  consumption 
is  approximately  1  kWh/kg  of  dust.  Any  dioxins,  furans  or  other 
organic  substance  present  in  the  ash  are  destroyed  at  these 
temperatures  while  volatile  heavy  metals  not  captured  by  the 
vitrified  material  are  vaporized  and  drawn  off  with  waste  gases. 
These  are  then  shock  cooled,  with  cold  air  so  that  the  metals 
condense  out  and  are  captured  in  another  baghouse  allowing  them  to 
be  recycled  to  metal  foundries .  Twenty  to  forty  kg  of  metals  dust 
are  extracted  for  each  tonne  of  MSW  received  at  the  facility.  This 
is  composed  mainly  of  oxides  and  chlorides  of  zinc,  lead,  cadmium 
and  copper. 

Table  4:  VITRIFIED  ASH  LEACHATE  RESULTS 


MeUI 

Untreated  Dust 

Vitrified  Material 

O.Reg  309  Criteria 

Copper 

41 

0.04 

Non  defined 

Lead 

16 

0.04 

>5.0  Hazardous 

Cadmium 

50 

0.03 

>0.5  Hazardous 

Zinc 

3600 

0.25 

Non  Defined 

The  vitrified  material  passes  all  Swiss  environmental  tests". 


Acid  Extraction 


Research  into  metal  extraction  using  acids  (leaching)  is  also 
underway  but  at  present  this  is  also  believed  to  be  in  the  same 
high  cost  range  as  vitrification  ($40  -  80/tonne) .  Separation  of 
the  metals  and  recovery  of  acids  is  presently  being  researched 
using  ion  exchange  resins  which  may  lower  the  cost  significantly^  . 


'Grog  is  inert  material  added  to  ceramics  and  china  to  reduce  cracking  as 
the  clay  dries,  prior  to,  and  during  firing. 
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Glasslf Ication 

Classification  of  fly  ash  is  being  researched  in  Canada,  the  U.S.A. 
and  Japan.  The  ash  is  mixed  with  either  scrap/broken  glass  or  with 
sand  and  lime  and  then  melted  in  a  high  temperature  glass  furnace. 
Fly  ash  to  cullet  (broken  glass)  ratio  is  approximately  2:1. 
Initial  results  indicated  that  a  high  percentage  of  lead  may  be 
volatilized  rather  than  being  incorporated  into  the  glass  matrix^'. 
This  may  have  been  due  to  the  type  of  equipment  being  used  in  the 
original  research.  Results  from  a  glassif ication  study^^  funded  by 
the  Environmental  Research  Program  of  the  Ontario  Ministry  of  the 
Environment  and  Energy  showed  good  lead  capture.  The  results  also 
showed  that  glassif ication  at  1400 °C  produced  a  slag  that  leached 
at  such  a  low  rate  that  it  would  be  approved  for  high  level 
nuclear  waste  in  the  U.S.A.. 
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5.       REUSE/DISPOSAL  OF  ASH 

Environment  Canada's  Wastewater  Technology  Centre  have  developed  a 
protocol  document  to  evaluate  cement  based  solidified  wastes^. 

The  document  offers  a  range  of  tests  that  may  also  be  suitable  for 
evaluating,  ash. 

However,  the  protocol  has  not  been  proven  for  ash  and  the  document 
specifically  cautions  that  it  should  not  be  used  for  anything' other 
than  wastes  treated  with  cement. 

Data  from  Denmark^  (Table  5)  indicate  that  leachate  from  an  ash 
fill  is  below  Danish  drinking  water  standards  for  metals  of 
concern.  The  untreated  ash,  however,  does  leach  salts  such'  as 
sodium  and  calciiom  chloride  or  sulphate  which  would  make  the  water 
similar  to  dilute  sea  water  so  the  leachate  would  not  be  drinkable. 

Changes  to  Ontario  Regulation  347  that  came  into  effect  in  1990, 
require  fly  ash  to  be  collected  separately  from  bottom  ash.  Fly  ash 
can  then  be  disposed  of  in  a  hazardous  waste  landfill  or 
alternatively,  if  after  testing,  the  fly  ash  is  shown  to  be 
leachate  toxic,  it  may  be  treated  to  such  an  extent  that  it  is  no 
longer  classified  as  leachate  toxic  and  therefore  not  hazardous. 

Ultimate  disposal  and  reuse  methods  that  are  being  considered  or 
implemented  by  other  jurisdictions  are: 

Bottom  Ash 

1.  Untreated  -  to  sanitary  landfill  or  to  mono- fill. 

2.  Utilization  (with  appropriate  approval)  -  magnetic  separation 
followed  by  size  gradation,  •  <10mm  size  to  be  used  as 
synthetic  aggregate.  If  it  is  to  be  used  as  road  bed  or 
equivalent,  conditions  for  use  are  suggested  e.g.  may  only  be 
used  0.5  metres  above  the  water  table,  asphalt  or  concrete 
surface  must  be  placed  over  the  ash,  i.e.  may  not  be  used  as 
unpaved  road.  Also  suggested  are  conditions  to  be  placed  on 
the  use  for  a  period  of  10  years  to  allow  collection  of  data, 
e.g.  monthly  ground  water  samples  to  be  taken  for  the  first  3 
years,  quarterly  samples  for  the  next  7  years. 

3 .  Unrestricted  use  -  the  bottom  ash  aggregate  could  have 
unrestricted  use  from  an  environmental  standpoint  (would  still 
have  to  pass  strength  tests)  in  a  concrete  matrix,  e.g. 
concrete  blocks  or  interlocking  driveway  stones,  if  a  water 
leach  test  showed  that  drinking  water  criteria  for  lead  and 
cadmium  were  not  exceeded. 
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Fly  Ash 

1.    Untreated  -  to  a  hazardous  waste  landfill  or  a  mono- fill 
licensed  to  accept  it. 

2'.    Treated  to  pass  the  leachate  quality  criteria  in  the  hazardous 
waste  regulation,  -  sanitary  landfill  disposal. 

3.  If  the  treatment  results  in  a  waste  that  is  not  leachate  toxic 
.  and  a  water  leach  test  shows  >10x  the  allowable  drinking  water 

criteria-  for  heavy  metals  -  approved  reuse  permitted  in 
manufactured  goods,  however  notification  of  the  type  of 
products  that  it  is  used  in  and  the  quantity  of  ash  used  per 
year  must  be  made  to  the  approving  jurisdiction. 

4.  '  If  the  treatment  results  in  a  waste  that  a  water  leach  test 

shows  <1X  allowable  drinking  water  criteria  for  heavy  metals 
and  also  <10X  maximum  desirable  concentration  parameters 
related  to  aesthetic  quality  then  the  treated  ash  may  have 
unrestricted  reuse. 


In  Ontario  bottom  ash  is  disposed  of,  at  the  present,  in  sanitary 
landfills.  However,  at  the  present  time,  the  Ministry  is  seeking 
comment  on  proposed  policy  regarding  changes  to  Regulation  347 
under  the  Environmental  Protection  Act  with  respect  to  the 
management  of  wastes,  in  particular  excess  soil,  rock  and  similar 
materials.  It  is  possible  that  bottom  ash  may  qualify  as 
controlled  fill  or  one  of  the  other  proposed  categories. 

In  Ontario,  fly  ash  that  is  a  hazardous  waste  and  that  results  from 
the  incineration  of  waste  that  is  neither  hazardous  waste  nor 
liquid  industrial  waste  shall-  only  be  disposed  of  at, 

i.  the  Tricil  Limited  landfilling  site  located  on  Lot  9, 
Concession  10,  •  Township  of  Moore,  County  of  Lambton,  or 

ii.  a  landfilling  site  authorized  to  accept  fly  ash  that  is 
a  hazardous  waste  and  that  results  from  the  incineration  of 
waste  that  is  neither  hazardous  waste  nor  liquid  industrial 
waste  by  the  terms  of, 

A.  a  certificate  of  approval  or  provisional  certificate 
of  approval  issued  after  the  1st  day  of  January,  199  0,  or 

B.  an  amendment  to  a  certificate  of  approval  or 
provisional  certificate  of  approval  made  after  the  1st 
day  of  January,  1990. 

This  does  not  preclude  treatment  that  would  render  the  waste  non- 
hazardous  . 
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6.       SUMMARY  AND  CONCLUSIONS 

The  ash  from  energy  from  waste  plants  can  and  are  being  used 
throughout  the  industrialized  world  for  beneficial  purposes.  This 
may  be  as  a  matter  of  course  in  Japan  and  Europe  or  on  a  restricted 
basis  in  various  parts  of  the  United  States.  Bottom  ash  can  be 
reused  virtually  as  is,  while  fly  ash,  when  failing  regulatory 
tests,  may  require  treatment  before  reuse.  Various  treatment 
technologies  exist  to  make  fly  ash  environmentally  acceptable, 
however,  many  of  them  have  not  been  fully  commercialized  and 
operating  cost  data  are  not  available  for  adequate  comparison. 
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APPENDIX  I 
U.S.  EXPERIMENTAL  PROJECTS'^ 

CA  -  Combined  Ash       . 

BA  -  Bottom  Ash 

FA  -  Fly  Ash 

NAAQS  -  National  AiWDient  Air  Quality  Standards 

WES  -  Wheelabrator  Environmental  Systems 

SR  -  Scrubber  Residue 

BA,  CA  and  FA  reuse  projects  have  been  developed  internationally 
since  1975.  Most  of  the  BA  and  CA  reuse  projects  have  been 
conducted  full  scale  whereas  FA  reuse  has  been  limited  to  bench  or 
pilot  scale  demonstration.  Several  key  reuse  operations  in  effect 
today  are  as  follows: 

°  Saugus  RESCO,  1975-Present :  CA  (BA/FA)  use  as  grading  cap  over 
an  unlined  discontinued  MSW  landfill.  CA  is  cover  without  use 
of  additional  interim,  daily  or  final  cover.  Ongoing 
environmental  study  of  ash  as  cover  reveals  no  observed 
fugitivity  above  NAAQS,  no  adverse  biological  community  impact 
and  leachates  mostly  (90%)  less  than  detectable  Pb,  Cd,  and  Hg 
metals  release  with  few  metals  only  slightly  above  Drinking 
Water  Standards.   Ash  placement  is  still  ongoing. 

°  Saugus  RESCO,  19  79:  Screened  CA  used  as  aggregate  in  roadbase 
under  a  Federal  Highway  Administration  demonstration  and 
asphalt  mix.   Roadway  in  excellent  condition  in  1989. 

°  Saugus  RESCO,  19  83-19  85:  CA  studied  as  vegetative  support 
material  by  the  University  of  Massachusetts.  Results  revealed 
CA  as  an  excellent  base  material  for  grasses,  shrubs  and  trees 
with  no  observed  flora  toxicity  or  adverse  metals  uptake. 
Test  cell  still  operational. 

°  Saugus  RESCO,  1988:  Screened  CA  used  as  major  aggregate  in 
demonstration  of  CA/admixture  process  in- situ  resulting  in 
liner  or  capping  material  with  permeability  values  of  less 
than  10'^  cm/sec.  Program  currently  evaluating  stability  of 
ash/mixture  cap  integrity  over  various  freeze- thaw  cycles  in 
full  scale  field  demonstration  project. 

°  Westchester  RESCO,  1987:  Crushed  and  screened  CA  used  as 
aggregate  (85%)  in  block  manufacturing  of  reef  in  Long  Island 
Sound.  SUNY  currently  studying  reef  -  no  adverse  biological 
or  strength  degradation  observed  at  over  450  days  submersion 
of  blocks.  Study  of  biological  community  surrounding  ash 
reefs  continuing  by  SUNNY/EPA. 

°  Pinellas  RESCO,  19 84- Present  :  CA  used  as  daily  MSW  cover  and 
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roadbase/berm  construction  on  400+  acre  site  owned  and 
operated  by  Pinellas  County,  FL.  County  currently  conducting 
exhaustive  OSHA,  fugitivity,  leachability  and  dermal  exposure 
environmental  and  health  risk  study  of  CA  as  daily  cover  over 
MSW  lifts.  No  health  or  environmental  adverse  impacts  have 
been  observed  over  four  years  of  operation  to  date. 

Baltimore  RESCO,  1988:  CA  crushed  and  screened  used  as 
aggregate  (70-80%  by  weight)  in  construction  grade  cement -ash 
blocks.  SUNY  conducting  study  which  is  ongoing.  Preliminary 
strengths  reached  4000  psi  open  form  block  strengths  per  ASTM 
testing. 

WES  McKay  Bay,  1987-1988:  Crushed  and  screened  CA  (BA/FA)  used 
as  major  aggregate  (97-95%)  with  admixture  as  road  asphalt 
substitute  aggregate.  Roadway  under  study  by  ELDER  and  City 
Officials  currently  interested  in  using  CA  as  substitute' 
aggregate  for  future  city  paving  requirements . 

WÊS  Bridgeport,  1988  -  Present  :  CA  (BA/FA/SR)  used  as  capping 
cover  over  unlined  MSW/Hazardous  Waste  Landfill.  Complaints 
from  area  residents  of  odours,  windblown  MSW,  vectors  (birds, 
rats,  mosquito's,  flies)  from  previous  MSW  operation  have 
stopped  since  the  CA  capping  operation  has  begun. 
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APPENDIX  n 
ASH  DISPOSAL  IN  OTHER  JURISDICTIONS 


Denmark 


The  19  86  regulations  require  the  separation  of  the  fly  ash  and 
bottom  ash.  Storage  at  the  plant  outdoors  must  be  in  closed 
containers,  because  it  must  not  give  rise  to  leaching  into  the 
soil.  Disposal  is  permitted  at  municipal  landfill  sites.  Bottom 
ash  (with  less  than  3%  loss  on  ignition  at  550°C  in  a  muffle 
furnace)  may  be  used  as  road  sub-base,  sub-base  for  parking  lots  or 
as  an  admix  in  concrete,  providing  pH,  total  alkalinity,  lead 
cadmium  and  mercury  content  are  below  prescribed  limits.  Other  ash 
residues  must  be  landfilled  unless  special  permission  is  given. 
Most  decisions  regarding  the  fate  of  ash  and  other  plant  residues 
are  left  to  the  local  councils. 

Ex- Federal  Republic  of  Germany 

The  June  1986  guidelines  require  landfills  to  have  a  "sealed"  base 
with  leachate  collection  and  treatment.  Fly  ash  must  be  dampened, 
conditioned  or  packaged  to  prevent  windblown  dust  during  filling 
operations.  A  special  point  is  made  that  fly  ash  should  not  come 
into  contact  with  leachate  containing  oils  or  solvents  (to  prevent 
dioxin  solubilization.  Fly  ash  may  be  solidified  as  an  additional 
safety  measure.  Bottom  ash  when  deposited  with  fly  ash  which  has 
pozzolanic  (cementing)  property  becomes  altered  in  its  structure 
and  reduces  its  leachate  release. 

Other  sources  indicate  that  bottom  ash  is  used  as  fill  or  road  base 
and  that  some  fly  ash  is  deposited  in  worked  out  salt  caverns.  It 
is  also  notable  that  some  "special  wastes"  such  as  waste  oils  are 
incinerated  with  MSW  in  several  German  States. 

France 

Until  recently  the  disposal  of  ash  was  regulated  by  the  individual 
provinces  with  all  ash  being  regarded  as  totally  non- hazardous  in 
some  areas;  in  other  areas  fly  ash  was  disposed  as  a  hazardous 
waste. 

Now,  however,  new  national  regulations  have  been  introduced  for  MSW 
ash  disposal  in  landfills.  The  ash  is  now  deposited  in  lined  mono- 
fill  disposal  sites;  the  leachate  is  then  collected  and  treated  in 
adjacent  plants.  The  sludge  from  the  treatment  plant  is  regarded 
as  a  hazardous  waste  and  landfilled  in  a  hazardous  waste  landfill. 
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Netherlands 

Due  to  a  high  water  table  in  most  of  the  country  the  Dutch  have 
problems  with  ash  disposal.  Separation  of  bottom  and  fly  ash  is 
required  on  both  environmental  and  recycling  grounds.  Bottom  ash 
is  used  as  fill  material  in  road  beds  and  land  reclamation  as  long 
as  it  is  at  least  0.5  metres  above  the  water  table  and  covered  with 
a  top  liner  (i.e.  membrane,  asphalt  or  a  sand-bentonite  mixture). 
The  leaching  behaviour  and  analysis  of  the  ash  are  also  controlled. 

There  are  no  specific  regulations  on  separation  of  bottom  ash  and 
garbage  in  a  sanitary  landfill;  however,  mono- fill  in  a  lined 
landfill  is  preferred  due  to  the  potential  for  later  recovery  and 
reuse.  (This  is  referred  to  as  storage  -  not  disposal)  .  For- 
permanent  disposal  in  a  mono- fill,  the  regulation  calls  for  a  top 
liner  to  prevent  infiltration. 

Fly  ash  landfills  have  to  be  lined  top  and  bottom;  however,  use  in 
the  production  of  asphalt  filler  is  preferred.  Present  usage  is 
around  30%  but  is  expected  to  rise  in  the  near  future  to  80%. 

Sweden 

The  use  of  bottom  ash  for  roads,  parking  lots  and  fill,  is  approved 
through  an  evaluation  of  each  construction  site.  An  ash  that  has 
been  magnetically  sorted  is  said  to  be  preferred,  probably  so  that 
iron  stains  don't  become  a  problem.  Bottom  ash  is  also  permitted 
as  a  cover  in  landfills  but  not  as  intermediate  or  daily  cover  in 
landfills  due  to  fears  of  forming  heavy  metal  complexes  or  leaching 
of  dioxins  if  "oils  and  fats"  are  present.  It  has  been  reported 
that  fly  ash  is  unsuitable  for  this  use  unless  it  is  stabilized  by 
mixing  with  the  flue  gas  cleaning  residues  and  possibly  with 
cement.  Top  cover,  to  prevent  infiltration  and  the  formation  of 
leachate,  is  regarded  as  one  of  the  most  important  factors  in 
landfill  design. 

Landfills  are  not  lined  with  synthetic  liners  in  Sweden  but  have 
leachate  collection  systems.  It  is  recognized  that  these 
collection  systems  will  not  operate  for  long  after  the  landfill 
closes. 

United  Kingdom 

Disposal  of  all  ash  is  in  licensed  municipal  landfill  sites.  The 
levels  of  heavy  metals  are  regarded  as  "insufficiently  high  for 
them  to  be  classed  as  special  wastes".  The  licence  conditions  are 
site  specific  and  site  selection  is  regarded  as  an  all  important 
factor. 
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Japan 

With  a  population  of  one  hundred  and  twenty  three  million  in  a 
mountainous  country  about  one  third  the  size  of  Ontario,  Japan  has 
little  or  no  space  available  for  sanitary  landfills.  Over  two 
thirds  of  Japan's  wastes  are  incinerated  in  some  1900  facilities. 

Bottom  ash,  and  fly  ash  which  has  been  cement  treated,  are  used  for 
land  reclamation  (terracing  of  mountain  slopes  and  infilling 
coastal  bays) . 
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